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1
BI-POLARIZED BROADBAND ANNULAR
RADIATION UNIT AND ARRAY ANTENNA

FIELD OF THE INVENTION

The invention relates to antennae used in mobile com-
munications and more particularly, relates to a bi-polarized
broadband annular radiation unit and a single frequency and
dual frequency broadband array antennae incorporating the
radiation unit.

BACKGROUND OF THE INVENTION

Currently, a bi-polarized broadband annular radiation unit
is mainly formed by casting of zinc alloy. For example,
Chinese Patent Application No.: CN101425626A filed by
the present applicant Comba communication system (China)
Ltd. and published on May 6, 2009 discloses bi-polarized
broadband annular radiation unit. It includes the following
parts: two pairs of orthogonally polarized dipoles for trans-
mitting or receiving communication signals; and a balancer
corresponding to each dipole for feeding power to the dipole
in a balanced manner. Each dipole includes two unit arms
symmetrically mounted on the respective balancer. Two
arms are linearly symmetrical about the balancer. One end of
each unit arm is secured onto the balancer, while the other
end thereof is provided with a loading line extending ver-
tically downwardly. In addition, a plurality of tuning bars
with different cross section area from that of the unit arm is
also provided. Though in terms of electric performance this
kind of radiation unit brings contribution to the pertinent art,
it suffers from large weight and high production cost due to
formation by casting zinc alloy. In this context, radiation unit
formed by sheet metal stamping has extensive application. It
is a challenge for person of the art to apply this sheet metal
stamping forming process and realize electrical performance
of the radiation unit.

SUMMARY OF THE INVENTION

One object of the invention is to overcome drawbacks
aforementioned and provide a bi-polarized broadband annu-
lar radiation unit formed by sheet metal stamping which
eliminates problems such as complex forming process,
heavy weight and huge cost caused during course of forming
a bi-polarized broadband annular radiation unit using casting
method.

Another object of the invention is to provide a broadband
array antenna employing the above radiation unit.

To obtain the above objects, a technical solution is pro-
posed as follows.

The bi-polarized broadband annular radiation unit of the
instant invention is intended to be installed on a metal
reflective plate thus constituting a communication antenna
and defining an annular construction by two pairs of
orthogonally polarized dipoles. It includes:

two pairs of orthogonally polarized dipoles, each dipole
comprising two symmetrical unit arms of a single line sheet
shape, one end of a unit arm being facing to a corresponding
end of the other unit arm, and a distal end of each unit arm
of at least one pair of dipoles is provided with a loading line;
and

a plurality of balun arms feeding power to and supporting
respective dipoles, each balun arm including two parallel
balun lines, and the top ends of the two balun lines being
connected with corresponding ends of the two unit arms of
a corresponding dipole.
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Each unit arm and the balun line and/or loading line
connected to the same unit arm are made by sheet metal
stamping forming process or casting process.

Further, the respective balun arm are mounted onto a
common base by bottom ends of their respective balun lines,
and the entire radiation unit is integrally formed by sheet
metal stamping process or casting process.

According what has been disclosed by various embodi-
ments of the invention, the arrangement of the loading lines
may be implemented by one of the following manners.

(1) All the dipoles are provided with loading lines, and
adjacent loading lines of the adjacent dipoles are orthogo-
nally arranged.

(2) The two loading lines of one of the two pairs of dipoles
are all vertically downwardly orientated, while the other pair
of the dipoles has their two loading lines all horizontally
inwardly orientated; and adjacent loading lines of the adja-
cent dipoles are orthogonally arranged.

(3) The two loading lines of one of the two pairs of dipoles
are all vertically downwardly orientated, while the other pair
of the dipoles has their two loading lines all horizontally
outardly orientated; and adjacent loading lines of the adja-
cent dipoles are orthogonally arranged.

(4) One of two unit arms of each pair of dipoles is
provided with a vertically downwardly orientated loading
line, while the other unit arm thereof is provided with a
horizontally inwardly orientated loading line; and adjacent
loading lines of the adjacent dipoles are arranged at a same
direction.

(5) All the unit arms are provided with vertically down-
ward or upward loading lines.

(6) All the unit arms are provided with downwardly or
upwardly inclined loading lines.

(7) All the unit arms are provided with horizontally
inward or outward loading lines.

(8) All the unit arms are provided with inwardly or
outwardly inclined loading lines.

Preferably each unit arm is equipped with an adjusting
block of uniform shape for adjusting matching performance
of the entire radiation unit.

Preferably a plastic holding clip is placed between each
unit arm of the respective dipoles and a corresponding balun
arm for connection of the all vibrator arms with balun arms
of' the entire radiation unit, thus maintaining relative location
between the vibrator arm and balun arm. In addition, this
significantly enhances entire structural strength of the radia-
tion unit and ensures uniformity of radiation units in batch
production.

A broadband array antenna according to the invention
includes a metal reflective plate operating as a reflector,
wherein at least two radiation units as described above are
linearly arranged on the metal reflective plate.

Compared to prior art, the invention gains the following
advantages.

At first, the bi-polarized broadband annular radiation unit
of the invention has simple structure and may be fabricated
using aluminum by sheet metal stamping forming process or
casting process and therefore it has good stability. Moreover,
the weight of the product is further reduced such that
uniformity is maintained for the product.

Secondly, the bi-polarized broadband annular radiation
unit of the invention is made using sheet metal stamping
forming process or casting process both of which are simple
and inexpensive due to radiation unit of a single line sheet
design.

Lastly, when the adjacent loading lines of the adjacent
dipoles of the bi-polarized broadband annular radiation unit
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of the invention are orthogonally arranged, irrelevancy
between two polarizations is improved; separation and
radiation characteristics between two polarizations such as
cross polarization resolution and the like are enhanced as
well.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a structural view of a first embodiment of
a bi-polarized broadband annular radiation unit of the inven-
tion;

FIG. 2 shows an expanded view of a metal sheet of a first
embodiment of a bi-polarized broadband annular radiation
unit of the invention;

FIG. 3 shows structure of a first embodiment of a bi-
polarized broadband annular radiation unit of the invention
in which a plastic holding clip is used for holding purpose;

FIG. 4 shows a structural view of a second embodiment
of a bi-polarized broadband annular radiation unit of the
invention;

FIG. 5 shows a structural view of a third embodiment of
a bi-polarized broadband annular radiation unit of the inven-
tion;

FIG. 6 shows a structural view of a fourth embodiment of
a bi-polarized broadband annular radiation unit of the inven-
tion;

FIG. 7 shows a structural view of a fifth embodiment of
a bi-polarized broadband annular radiation unit of the inven-
tion;

FIG. 8 shows a structural view of a sixth embodiment of
a bi-polarized broadband annular radiation unit of the inven-
tion;

FIG. 9 shows a structural view of a seventh embodiment
of a bi-polarized broadband annular radiation unit of the
invention;

FIG. 10 shows a structural view of an eighth embodiment
of a bi-polarized broadband annular radiation unit of the
invention;

FIG. 11 shows a structural view of a ninth embodiment of
a bi-polarized broadband annular radiation unit of the inven-
tion;

FIG. 12 shows a structural view of a tenth embodiment of
a bi-polarized broadband annular radiation unit of the inven-
tion;

FIG. 13 shows a structural view of an eleventh embodi-
ment of a bi-polarized broadband annular radiation unit of
the invention;

FIGS. 14 and 15 respectively show structural views of a
twelfth embodiment of a bi-polarized broadband annular
radiation unit of the invention illustrating from different
perspectives;

FIG. 16 shows a perspective view of a single frequency
broadband array antenna formed by the radiation units of the
invention; and

FIG. 17 shows a perspective view of a dual frequency
broadband array antenna formed by the radiation units of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is described in further detail in
conjunction with various embodiments and accompanied
drawings.

With reference to FIGS. 1, 2 and 3, according to a first
embodiment of a bi-polarized broadband annular radiation
unit of the invention, a radiation unit 100 includes two pairs
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of dipoles. Each pair of the dipoles includes two dipoles
which are symmetrically and oppositely arranged. Each
dipole is a vibrator unit and therefore, there are totally four
vibrator units 1, 2, 3, and 4. Here, the vibrator units 1 and
3 are symmetrical about each other, and vibrator units 2 and
4 are also symmetrical about each other, thus achieving
assembling of the radiation unit in a polarization-orthogonal
manner.

In this case, each vibrator unit includes two unit arms one
end of each unit arm is opposite to and separated from one
end of the other unit arm. Each unit arm is of a single line
sheet design. A distal end of each unit arm of the vibrator
unit is provided with a loading line. The distal end of one
unit arm is far away from a corresponding distal end of the
other unit arm. The vibrator units 1-4 are held on balun arms
5a, 5b, 5¢, and 5d respectively.

Specifically, the vibrator unit 1 includes two unit arms 11a
and 115. A loading line 12a is disposed on the unit arm 11a
and a loading line 125 is disposed on the unit arm 115. The
two unit arms 11a and 115 are secured on the balun arm 55.
The vibrator unit 2 includes two unit arms 21a and 215. A
loading line 22a is disposed on the unit arm 21a and a
loading line 225 is disposed on the unit arm 2156. The two
unit arms 21a and 215 are secured on the balun arm 5b. The
vibrator unit 3 includes two unit arms 31a¢ and 315. A
loading line 32a is disposed on the unit arm 31a and a
loading line 326 is disposed on the unit arm 3156. The two
unit arms 31a and 315 are secured on the balun arm Sc.
Similarly, the vibrator unit 4 includes two unit arms 41a and
41b. A loading line 42q is disposed on the unit arm 41a and
a loading line 425 is disposed on the unit arm 415. The two
unit arms 41a and 415 are secured on the balun arm 5d.
Based on orthogonal polarization design, all the unit arms of
the entire radiation unit are annularly and symmetrically
distributed. A first pair of dipoles, i.e., the vibrator units 1
and 3, has their loading lines be vertically downwardly
oriented, while a second pair of dipoles, i.e., the vibrator
units 2 and 4, has their loading lines be horizontally
inwardly oriented. The adjacent loading lines of the adjacent
vibrator units are orthogonally arranged. In other words, the
loading line 124 is orthogonal to the loading line 425; the
loading line 125 is orthogonal to the loading line 22a; the
loading line 224 is orthogonal to the loading line 32a; and
the loading line 3254 is orthogonal to the loading line 42a.
The vibrator units 1-4 share a common base 6. In practical
application, according to certain requirement, the loading
lines of the adjacent vibrator units may be angled to each
other for example the lines may be suitable inclined such as
inwardly or outwardly. In present embodiment, as the
orthogonal solution is the first consideration, vertical down-
ward and horizontal inward configuration is employed.

Each balun arm includes a pair of parallel balun lines 51
and 52. A bottom end of each balun line is installed on the
base 6, while the other end thereof is connected to one end
of a unit arm facing a corresponding end of the other unit
arm. Accordingly, top ends of the two balun lines 51 and 52
are connected with the ends, which are facing to each other,
of the two unit arms of the same vibrator units. Moreover, all
the balun arms are arranged on the base 6 and take the shape
of horn.

In this embodiment, the entire radiation unit 100 includ-
ing the vibrator units 1-4, balun arms 5a-5d, and base 6 are
integrally formed of preferably aluminum by sheet metal
stamping forming process. The radiation units 100 prepared
by sheet metal stamping forming method, together with
orthogonal design of the adjacent loading lines of adjacent
vibrator units, might improve irrelevancy between two
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polarizations of the radiation unit 100, enhance separation
and radiation characteristics between two polarizations such
as cross polarization resolution and the like.

In this embodiment, regarding the entire radiation unit
100, all its component including all vibrator arms and balun
arms are suitable held in place by eight plastic holding clips
Ta,7b, 7c, 7d, Te, T, 7g, and 7h, thus all the vibrator arms
and balun arms of the radiation unit being formed as an
entity, maintaining relative locations among these vibrator
arms and balun arms, and dramatically improving structural
strength of the radiation unit. Reference is made to FIG. 4.
According to a second embodiment of a bi-polarized broad-
band annular radiation unit of the invention, the same
construction as that disclosed in aforementioned embodi-
ment is employed. There is also difference in this embodi-
ment. A component consisted of a vibrator unit 1 and a
corresponding balun arm (such as balun arm 5a), in other
word, consisted of two unit arms (for example arms 11a and
115) of the same vibrator unit (such as unit 1) and two balun
lines 51 and 52 of the same balun arm, is an integral and
independent component, and it may be assembled together
with a separate base.

Reference is made to FIG. 5. According to a third embodi-
ment of a bi-polarized broadband annular radiation unit of
the invention, the same construction as that disclosed in
aforementioned embodiments is employed. The difference
lies in implementation of respective unit arm. All the unit
arms of the entire radiation unit 100 (such as unit arms 11a
and 115) each have an adjusting block 110 at a correspond-
ing symmetrical location. In this embodiment, the adjusting
block 110 is of a disk shape.

Reference is made to FIG. 6. According to a fourth
embodiment of a bi-polarized broadband annular radiation
unit of the invention, the same base and balun arm are used
as those disclosed in the first or second embodiment of the
invention. The difference lies in implementation of the
vibrator loading lines. Here, the loading lines (such as those
labeled 124 and 124) of a pair of dipoles 1 and 3 are
vertically downwardly orientated, while the loading lines
(such as those labeled 42a and 42b) of another pair of
dipoles 2 and 4 are horizontally outwardly orientated. By
this manner, for two pairs of dipoles, the adjacent loading
lines of the adjacent dipoles are still orthogonal to each
other.

Reference is made to FIG. 7. According to a fifth embodi-
ment of a bi-polarized broadband annular radiation unit of
the invention, the same base and balun arm are used as those
disclosed in the first or second embodiment of the invention.
The difference lies in implementation of the vibrator loading
lines. The loading lines (such as those labeled 12a and 126)
disposed two distal ends of the two unit arms (such as those
labeled 11a and 116) respectively of each vibrator unit (for
example one labeled 1) are asymmetrically arranged. Here,
for example, the loading line 12a on one unit arm 11a is
horizontally arranged, while the loading line 126 on the
another unit arm 115 is vertically downwardly arranged.
Comparatively, the adjacent loading lines of the adjacent
dipoles are symmetrical and oriented in the same direction.

Reference is made to FIG. 8. According to a sixth embodi-
ment of a bi-polarized broadband annular radiation unit of
the invention, the same construction as that of the fifth
embodiment is employed and the difference lies in imple-
mentation of the unit arm. In this embodiment, the entire unit
arms (such as those labeled 11a and 115) of the entire
radiation unit each have an adjusting block 110 at a corre-
sponding symmetrical location. In this embodiment, the
adjusting block 110 is of a disk shape.
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Reference is made to FIG. 9. According to a seventh
embodiment of a bi-polarized broadband annular radiation
unit of the invention, the same base and balun arm are used
as those disclosed in the first or second embodiment of the
invention. The difference lies in implementation of the
vibrator loading lines. Here, all the loading lines (e.g. 12a
and 125) of the unit arms (such as 11a and 115) are vertically
downwardly arranged.

Reference is made to FIG. 10. According to an eighth
embodiment of a bi-polarized broadband annular radiation
unit of the invention, the same construction is used as that
of the seventh embodiment. The difference lies in imple-
mentation of the unit arms of the dipole. In this embodiment,
the entire unit arms (such as those labeled 11a and 115) of
the entire radiation unit each have an adjusting block 110 at
corresponding symmetrical locations. In this embodiment,
the adjusting block 110 is of a disk shape.

Reference is made to FIG. 11. According to a ninth
embodiment of a bi-polarized broadband annular radiation
unit of the invention, the same base and balun arm are used
as those disclosed in the first or second embodiment of the
invention. The difference lies in implementation of the
loading lines. The loading lines (such as those labeled 12a
and 125) disposed on the unit arms (such as those labeled
11a and 115) respectively of entire radiation unit are hori-
zontally inwardly orientated.

Reference is made to FIG. 12. According to a tenth
embodiment of a bi-polarized broadband annular radiation
unit of the invention, the same construction is used as that
of the ninth embodiment. The difference lies in implemen-
tation of the unit arms of the dipole. In this embodiment, the
entire unit arms (such as those labeled 11a and 115) of the
entire radiation unit each have an adjusting block 110 at a
corresponding symmetrical location. In this embodiment,
the adjusting block 110 is of a disk shape.

Reference is made to FIG. 13. According to an eleventh
embodiment of a bi-polarized broadband annular radiation
unit of the invention, the same base and balun arm are used
as those disclosed in the first or second embodiment of the
invention. The difference lies in implementation of the
vibrator loading lines. The loading lines (such as those
labeled 12a and 124) of a pair of dipoles 1 and 3 are
vertically downwardly orientated, while those (such as ones
labeled 42a and 425) of another pair of dipoles 2 and 4 are
horizontally outwardly orientated. By this manner, for two
pairs of the dipoles, the adjacent loading lines of the adjacent
dipoles are still orthogonal to each other. Please refer to
FIGS. 14 and 15, in accordance with a twelfth embodiment
of a bi-polarized broadband annular radiation unit of the
invention, the same construction as that disclosed in previ-
ous ten embodiments may be utilized. The difference lies in
a different process, i.e., a casting forming process is used for
the radiation unit.

No matter what kinds of processes have been used to
make the bi-polarized broadband annular radiation unit of
the invention, they all benefit from the improvement of the
unit arm of the invention. In present invention, the unit arm
is designed to have a single line sheet configuration thus
further simplifying structure and making it easy to form the
unit arm integrally.

In this instant invention, in addition to aforementioned
embodiments, the design of the loading lines may be flexibly
adjusted by a person of the art in light of the designs
contained in above embodiments. For example, tilt of the
loading lines may be suitable adjusted and, it is unnecessary
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to limit orientation of the loading lines to vertically down-
ward orientation or horizontally inward or outward orienta-
tion.

The bi-polarized broadband annular radiation unit of the
invention is majorly used to form a base station antenna of
a mobile communication system for example an array
antenna shown in FIGS. 16 and 17 together.

As shown in FIG. 16, the array antenna includes a metal
reflective plate, a number of separation plats 9, and a number
of radiation units 100 as described above. The radiation units
are linearly arranged on the metal reflective plate so as to
realize power feeding in a parallel manner. This kind of array
antenna is a single frequency broadband array antenna.

FIG. 17 illustrates a dual frequency broadband array
antenna. Different from that shown in FIG. 16, the array
antenna in this case is realized by disposing plural high
frequency radiation units 10 on the arrange axis of the
radiation unit of the invention. The radiation unit of the
invention works as a low frequency radiation unit. At least
one high frequency radiation unit 10 is placed in the radia-
tion units of the invention. The high frequency radiation unit
10 is not limited to that shown in FIG. 17.

Apparently, the application of the radiation unit of the
invention is by no means limited to array antenna and
therefore, it in fact may also be used in other publicly known
antenna which incorporating a bi-polarized radiation unit.

In contrast to the antenna, the metal reflective plate 8 is a
threshold condition for obtain specific radiation property. In
this situation, the construction of the plate should be con-
sistent to the vibrator arms of the antenna radiation unit, and
configuration and size thereof should also be optimized for
example by means of antenna simulation software.

It is evidenced that the antenna made according to the
invention has the benefits of simple and compact construc-
tion, high performance, easy formation, low cost and simple
assembling process.

Though various embodiments of the invention have been
illustrated above, a person of ordinary skill in the art will
understand that, variations and improvements made upon
the illustrative embodiments fall within the scope of the
invention, and the scope of the invention is only limited by
the accompanying claims and their equivalents.

The invention claimed is:

1. A bi-polarized broadband annular radiation unit for
being installed on a metal reflective plate thus constituting a
communication antenna and defining an annular construc-
tion by two pairs of orthogonally polarized dipoles, com-
prising:

two pairs of orthogonally polarized dipoles, each dipole

comprising two symmetrical unit arms of a single line
sheet shape, one end of a unit arm being facing to a
corresponding end of the other unit arm, and a distal
end of each unit arm of at least one pair of dipoles is
provided with a loading line; and

a plurality of balun arms feeding power to and supporting

respective dipoles, each balun arm comprising two
parallel balun lines, and the top ends of the two balun
lines being connected with corresponding ends of the
two unit arms of a corresponding dipole; wherein the
two loading lines of one of the two pairs of dipoles are
all vertically downwardly or upwardly orientated,
while the other pair of the dipoles have their two
loading lines all horizontally inwardly orientated; and
adjacent loading lines of the adjacent dipoles are
orthogonally arranged; and the entire radiation unit is
integrally formed.
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2. A bi-polarized broadband annular radiation unit for
being installed on a metal reflective plate thus constituting a
communication antenna and defining an annular construc-
tion by two pairs of orthogonally polarized dipoles, com-
prising:

two pairs of orthogonally polarized dipoles, each dipole

comprising two symmetrical unit arms of a single line
sheet shape, one end of a unit arm being facing to a
corresponding end of the other unit arm, and a distal
end of each unit arm of at least one pair of dipoles is
provided with a loading line; and

a plurality of balun arms feeding power to and supporting

respective dipoles, each balun arm comprising two
parallel balun lines, and the top ends of the two balun
lines being connected with corresponding ends of the
two unit arms of a corresponding dipole; wherein the
two loading lines of one of the two pairs of dipoles are
all vertically downwardly or upwardly orientated,
while the other pair of the dipoles have their two
loading lines all horizontally outwardly orientated; and
adjacent loading lines of the adjacent dipoles are
orthogonally arranged; and the entire radiation unit is
integrally formed.

3. A bi-polarized broadband annular radiation unit for
being installed on a metal reflective plate thus constituting a
communication antenna and defining an annular construc-
tion by two pairs of orthogonally polarized dipoles, com-
prising:

two pairs of orthogonally polarized dipoles, each dipole

comprising two symmetrical unit arms of a single line
sheet shape, one end of a unit arm being facing to a
corresponding end of the other unit arm, and a distal
end of each unit arm of at least one pair of dipoles is
provided with a loading line; and

a plurality of balun arms feeding power to and supporting

respective dipoles, each balun arm comprising two
parallel balun lines, and the top ends of the two balun
lines being connected with corresponding ends of the
two unit arms of a corresponding dipole; wherein one
of two unit arms of each pair of dipoles is provided with
a vertically upwardly orientated loading line, while the
other unit arm thereof is provided with a horizontally
inwardly orientated loading line; and adjacent loading
lines of the adjacent dipoles are arranged at a same
direction; and the entire radiation unit is integrally
formed.

4. A bi-polarized broadband annular radiation unit for
being installed on a metal reflective plate thus constituting a
communication antenna and defining an annular construc-
tion by two pairs of orthogonally polarized dipoles, com-
prising:

two pairs of orthogonally polarized dipoles, each dipole

comprising two symmetrical unit arms of a single line
sheet shape, one end of a unit arm being facing to a
corresponding end of the other unit arm, and a distal
end of each unit arm of at least one pair of dipoles is
provided with a loading line; and

a plurality of balun arms feeding power to and supporting

respective dipoles, each balun arm comprising two
parallel balun lines, and the top ends of the two balun
lines being connected with corresponding ends of the
two unit arms of a corresponding dipole; wherein all
the unit arms are provided with horizontally inward or
outward loading lines; and the entire radiation unit is
integrally formed.

5. A bi-polarized broadband annular radiation unit for
being installed on a metal reflective plate thus constituting a
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communication antenna and defining an annular construc-
tion by two pairs of orthogonally polarized dipoles, com-
prising:
two pairs of orthogonally polarized dipoles, each dipole
comprising two symmetrical unit arms of a single line 5
sheet shape, one end of a unit arm being facing to a
corresponding end of the other unit arm, and a distal
end of each unit arm of at least one pair of dipoles is
provided with a loading line; and
a plurality of balun arms feeding power to and supporting 10
respective dipoles, each balun arm comprising two
parallel balun lines, and the top ends of the two balun
lines being connected with corresponding ends of the
two unit arms of a corresponding dipole; wherein each
unit arm is equipped with an adjusting block of uniform 15
shape for adjusting matching performance of the entire
radiation unit; and the entire radiation unit is integrally
formed.



